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im 14 , 

USE OF CLADRIBINE FOR TREATING during an attack . Pathology studies have revealed lesions in 
AUTOIMMUNE INFLAMMATORY DISEASE the optic nerve and spinal cord with evidence of inflamma 

tion and demyelination . 
RELATED APPLICATIONS NMO , whilst displaying some symptoms which are simi 

5 lar to multiple sclerosis , ( MS ) , such as recurrent attacks of 
This application is a U . S . National Stage Filing under 35 neurological symptoms associated with disease activity in 

U . S . C . 371 from International Application No . PCT the optic nerve and spinal cord and leading to various 
GB2015 / 050177 , filed on Jan . 27 , 2015 , and published as disabilities with variable recovery , is in fact clearly distinct 
WO 2015 / 114315 Al on Aug . 6 , 2015 , and which claims the from MS clinically , radiologically , pathologically , and in 
benefit of priority under 35 U . S . C . $ 119 to United Kingdom " terms of treatment approaches . This distinction is of great 
Patent Application No . 1401465 . 8 , filed on Jan . 29 , 2014 , importance as management of NMO and prognosis of the 
each of which is hereby incorporated by reference herein in disease are fundamentally different from MS . 
its entirety . In regard to clinical symptoms , the course of disease in 

15 the majority of both NMO and MS patients includes attacks 
FIELD OF THE INVENTION ( relapses ) that typically last for weeks during which old 

symptoms may exacerbate and new ones appear . In com 
The present invention relates to the use of 2 - chloro - 2 parison with MS the relapses in NMO are generally more 

deoxyadenosine , hereinafter referred to as cladribine , or a frequent and more severe . In NMO these attacks alternate 
pharmaceutically acceptable salt thereof , for treating or 20 with stable periods during which the disabilities that 
ameliorating an autoimmune , inflammatory disorder , in par - appeared in the last relapse are maintained to some extent . 
ticular the autoimmune inflammatory disorder neuromyelitis In contrast , in early MS the symptoms that appeared during 
optica , hereinafter referred to as NMO , also known as the preceding relapse ( s ) may resolve completely . In patients 
Devic ' s disease or Devic ' s syndrome . with later MS ( and in a subset of cases called progressive 

25 MS ) there is a slowly increasing severity of symptoms 
BACKGROUND TO THE INVENTION between relapses , and even a cessation of distinguishable 

relapse activity . This pattern is rare in NMO . 
Inflammatory diseases are a large family of disorders in In regard to radiological findings , magnetic resonance 

which the activity of elements of the immune system cause imaging has shown that the spinal cord lesions in NMO 
a wide range of signs and symptoms in the body including 30 patients , are longitudinally extensive involving three or 
fever , rash , pain , swelling , weakness and many types of more segments and are usually symmetrical ( involving both 
tissue damage . A subset of inflammatory diseases are also sides of the cord to similar extents ) , whereas in MS the 
classified as autoimmune diseases because of evidence that lesions in spinal cord are not as long and generally on one 
in these cases the activation of the immune system is linked side of the cord only or predominantly . Lesions are infre 
to an aberrant reactivity against some of the body ' s own 3 dy ' s own 35 quent in the brain at diagnosis and are generally not an que 
normal proteins or other structures . Autoimmune inflamma important contributor to disability in NMO , whereas brain 

lesions are common and sometimes symptomatic in MS . tory diseases can result in symptoms that range from mod Optic nerve lesions occur in both diseases . erate to severe such as blindness , being wheelchair bound or In regard to involvement of elements of the immune bedridden , or even to death . Variability in disease presenta 40 system , in MS the attacks are believed to be mediated by tion is common and severity can vary markedly between infiltration of the immune system ' s T lymphocyte cells into 
patients with the same disorder . the central nervous system along with activation of local NMO is a rare autoimmune inflammatory disorder with microglial cells . Autoantibody involvement is suspected and 
prevalence estimated as 1 . 5 - 4 . 4 per 100 , 000 of the popula - the pertinent autoantigens are believed to be primarily 
tion resulting in a calculated 12 , 000 - 35 , 000 patients in the 45 myelin components . In NMO the disease is believed to be 
US and Europe combined . The age of onset can vary from caused in part by serum autoantibodies called NMO - IgG . 
adolescence or even childhood , to late adulthood with a These antibodies target the protein aquaporin 4 ( AQP - 4 ) in 
median of late 30 ' s . There is a marked female to male the cell membrane of astrocytes . Aquaporin 4 acts as a 
preponderance reported to be as high as 9 : 1 . channel for the transport of water across the cell membrane . 

Clinical onset of NMO is usually acute and in two thirds 50 It is found in the processes of the astrocytes that surround the 
of cases a prodrome of flu - like symptoms may precede blood - brain barrier , a system responsible for preventing 
neurological problems . Typically symptoms appear strongly substances in the blood from crossing into the brain . In 
in attacks ( relapses ) lasting several weeks , separated by NMO the blood - brain barrier is weakened , but at present it 
periods of remission lasting several months . Nonetheless , as is not known how the NMO - IgG immune response results in 
the disease progresses symptoms become increasingly pres - 55 demyelination . It is known , however , that the distribution of 
ent during the remission periods . The main symptoms of lesions in the NMO brain correlates with AQP - 4 expression . 
NMO are loss of vision and spinal cord function . Optic T cell and B cell involvement is implied by the belief that 
neuritis may manifest itself as visual impairment with azathioprine and rituximab are effective therapies , but 
decreased visual acuity , possibly with loss of colour vision . eosinophils are the predominant cell type found in lesions 
More than half of patients with relapsing NMO become 60 upon pathological examination , in contrast to the predomi 
blind in one or both eyes in five years . The effect on spinal n ant T cell pathology seen in MS . 
cord function usually leads to muscle weakness , reduced Wingerchuk , D . M . et al in 2006 in Neurology , Vol . 66 no . 
sensation and even to loss of bladder and bowel control . A 10 pp 1485 - 1489 proposed revised diagnostic criteria for 
typical NMO sufferer may have acute and severe spastic defining NMO which required optic neuritis , myelitis and at 
weakness of the legs or even all four limbs with sensory 65 least two of three supportive criteria , namely MRI evidence 
signs and often accompanied by loss of bladder control of continuous spinal cord lesion three or more segments in 
Death can result in some cases due to disruption of breathing length , onset brain MRI nondiagnostic for multiple sclerosis 
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or NMO - IgG seropositivity . CNS involvement beyond the CK : NT ratio leads to the concentration and retention of 
optic nerves and spinal cord is compatible with NMO . cladribine nucleotides in human lymphocytes . This unique 

There is currently no cure for NMO nor is there an situation is responsible for cladribine ' s selectivity towards T 
FDA - approved or EMA - approved treatment for the disease and B lymphocytes when administered systemically . 
due to the lack of adequate double - blind randomized pla - 5 The accumulation of cladribine nucleotides in lympho 
cebo - controlled trials . However , symptoms can be treated . cytes has several known deleterious effects on the survival 
Attacks in NMO may be treated with short courses of and function of lymphocyte cells . The result of these effects 
intravenous corticosteroids such as methylprednisolone W . is death of both dividing and non - dividing lymphocytes . As No controlled trials have established the effectiveness of a result it has been suggested that cladribine may be used for treatments for the prevention of attacks . 10 treating multiple sclerosis ( see U . S . Pat . No . 5 , 506 , 214 ) . 10 
Many clinicians consider that long - term immunosuppres In addition to the foregoing effects of cladribine to cause sion is required to reduce the frequency and severity of death of lymphocytes by mechanisms dependent upon its attacks . The most commonly used immunosuppressive treat intracellular phosphorylation , there are other means by ments are azathioprine plus prednisone , mycophenolate 

which cladribine can affect immune system function . mofetil plus prednisone , rituximab , mitoxantrone , intrave - 15 
nous immunoglobulin and cyclophosphamide , with ritux Induced cytokine production by human lymphocytes stimu 
imab being considered the most promising treatment for lated in culture by anti - CD3 and anti CD28 antibodies is 
relapsing NMO . Rituximab is a monoclonal antibody that decreased by cladribine treatment under conditions in which 
targets clusters of differentiation ( CD ) 20 expressing cells , phosphorylation by CK is blocked and lymphocyte death 
but its exact mode of action remains unclear . Furthermore , 20 does not occur ( Laugel B . et al ; J . Neuroimmunol ; ( 2011 ) ; 
treatment with rituximab is known to cause side effects such 240 - 241 ; 52 - 57 ) . 
as progressive multifocal leukoencephalopathy . Eculizumab Cladribine also binds with high affinity at a class of cell 
is a recently tested experimental treatment in NMO . surface receptors called A2A ( adenosine receptor class 2a ) . 

There are a large number of potential therapies available A2A receptors are found on T lymphocytes as well as other 
for testing in autoimmune inflammatory diseases . However , 25 cell types in brain and the vasculature , and agents which 
it has not proven possible to predict which treatments , bind A2A receptors have been shown to regulate overactive 
addressing which steps in the known pathology , will be immune responses ( Ohta A , Sitkovsky M . Nature 414 : 
successful in a given disease , for example in NMO . This is 916 - 20 ( 2001 ) ) . 
amply illustrated with two of the most widely used thera - Cladribine has also been reported to have been used to 
peutic strategies for disease course modification in relapsing 30 treat a single patient suffering from IgM associated inflam 
MS . They are glatiramer acetate and one of the several matory peripheral neuropathy that , unlike MS and NMO , is 
marketed forms of the cytokine interferon beta . Both these a non - relapsing , non - remitting disease . The drug was admin 
treatments reduce relapse rate and lesion activity in the brain istered by intravenous infusion and levels of IgM antibodies 
and spinal cord of MS patients . However , when interferon were followed . ( see Ghosh A . et al . ; Neurology ; 59 ; 1290 
beta was tested in NMO , considered until then to be a 35 1291 ; ( 2002 ) ) . The patient had been on a deteriorating 
disease similar to MS , it was unexpectedly and surprisingly course for two years with increased symptoms and increased 
found to have the opposite of the expected effect and to IgM levels , despite other treatments . After treatment with 
exacerbate NMO . Development of extensive brain lesions two courses of cladribine IgM levels declined slowly over a 
( Shimizu Y . et al . , J . Neurol . , 255 ; 305 - 307 ; ( 2008 ) ) and period of more than one year , at which time a symptomatic 
clinical worsening ( Uzawa A . et al . , Eur . J . Neurol . , 17 ; 40 improvement was noted , and the improved symptoms and 
672 - 676 ; ( 2010 ) ) were reported in NMO patients treated reduced IgM levels were both maintained for several years 
with IFN - beta . Glatiramer acetate is believed to work by without further cladribine treatment . 
producing a beneficial change in T cell phenotype from the Whilst cladribine has been used for treating other diseases 
proinflammatory Th1 type to the regulatory Th2 type . Once including some leukemias and multiple sclerosis , and dos 
again this well - proven treatment for MS has not been found 45 age regimens have been described ( see EP 2263678 ) it could 
to be effective and is not recommended for NMO ( Awad A . not have been predicted that cladribine would be effective in 
and Stuve O . , Current Neuropharmacology ; 9 ; 417 - 428 treating NMO . The inventors have unexpectedly found that 
( 2011 ) . cladribine may be beneficial in the treatment or amelioration 

Cladribine or 2 - chloro - 2 ' - deoxyadenosine has been used of the autoimmune inflammatory disorder neuromyelitis 
successfully in the oncology field with marked effects on 50 optica . The inventors have further unexpectedly found that 
lymphocytes . It has been found to be an effective treatment the sum of cladribine ' s effects on the immune system allows 
of hairy cell leukemia , chronic lymphocytic leukemia and a short period of treatment ( several weeks ) to provide 
some T cell malignancies . The addition of a chlorine atom beneficial effects on the disease for a prolonged period of 
at the 2 position of the adenine rings renders the molecule over 18 months without the need for retreatment at approxi 
resistant to deamination by adenosine deaminase . Once 55 mately yearly intervals . 
taken up by cells in the body cladribine is converted enzy 
matically to cladribine triphosphate . Once formed inside the SUMMARY OF THE INVENTION 
cell the unnatural chlorine - carrying cladribine derived 
nucleotides do not easily leave the cell and they can interact According to one aspect of the invention there is provided 
with cellular enzymes that normally work on the cell ' s 60 2 - chloro - 2 ' - deoxyadenosine , known as cladribine , or a phar 
natural deoxynucleotides . Two critical enzymes influencing maceutically acceptable salt thereof , for use in the treatment 
the levels of cladribine nucleotides within a cell are cytidine or amelioration of neuromyelitis optica . 
kinase ( CK ) and nucleotidase ( NT ) . It has been shown that The cladribine may be for use in the treatment of a patient 
levels of CK and NT enzyme expression vary between cell known to be NMO - IgG seropositive . 
types and that lymphocytes have an especially high ratio of 65 It may also be for use in the treatment of a patient known 
CK to NT expression . The combination of cladribine ' s to have optic neuritis , myelitis and at least two of : MRI 
resistance to adenosine deaminase and lymphocytes ' high evidence of contiguous spinal cord lesion 3 or more seg 
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ments in length , onset brain MRI nondiagnostic for multiple The term “ unit dose ” refers to physically discrete units 
sclerosis or NMO - IgG seropositivity suitable as unitary dosages for administration to patients , 

According to a second aspect of the invention there is each such unit containing a predetermined quantity of 
provided a pharmaceutical composition comprising cladribine calculated to produce the desired therapeutic 
2 - chloro - 2 ' - deoxyadenosine , known as cladribine , for use in 5 effect in association with pharmaceutically acceptable ingre 
the treatment or amelioration of neuromyelitis optica . The dients . 
composition preferably comprises one or more pharmaceu The terms “ effective cumulative amount ” and “ effective 
tically acceptable excipients . cumulative dose ” refer to the total amount of cladribine 

The composition comprises from 1 milligram ( mg ) to 20 given to a patient over time , i . e . the total dose of cladribine 
mg of cladribine per unit dose , preferably from 2 . 5 mg to 15 10 given in a series of treatments . 
mg , most preferably from 8 mg to 12 mg per unit dose . FIG . 1 is a schematic representation of the progress of the 

Preferably the composition is to be administered orally . disease in a woman diagnosed with NMO and treated with 
For oral administration the composition may be presented as 100 mg of cladribine subcutaneously . 
a tablet , a capsule or a liquid formulation . It may also be Cladribine and / or its pharmaceutically acceptable salts 
presented in a liquid formulation suitable for injection . 15 may be used in the practice of this invention . Suitable 

Preferably the composition consists of cladribine or a pharmaceutically acceptable salts refers to non - toxic acid 
pharmaceutically acceptable salt thereof . addition salts that are generally prepared by reacting a 

According to another aspect of the invention there is compound with a suitable organic or inorganic acid . 
provided use of 2 - chloro - 2 ' - deoxyadenosine ( cladribine ) , or Examples of suitable salts include the hydrochloride , hyd 
a pharmaceutically acceptable salt thereof , in the preparation 20 robromide , sulphate , phosphate , citrate , acetate and maleate . 
of a medicament for the treatment or amelioration of neu Cladribine may be prepared by processes well known in 
romyelitis optica . the art , such as those described in EP 173 , 059 , U . S . Pat . No . 

Preferably the medicament is to be administered orally 5 , 208 , 327 and Robins et al . , J . Am . Chem . Soc . , 106 ; 6379 ; 
and is presented in the form of a tablet , capsule or liquid ( 1984 ) . 
formulation . 25 Whilst cladribine may be administered intravenously or 
An effective cumulative dose or amount of from 1 to 6 mg subcutaneously , oral delivery is preferred for several rea 

cladribine per kilogram of patient body weight ( mg / kg ) in sons , the most important of which is patient compliance . 
the medicament is taken over a period of from one to two There is also generally a cost benefit , since the cost of 
years . Preferably the effective cumulative amount comprises parenteral administration is much higher due to the necessity 
from 1 . 5 mg / kg to 3 . 5 mg / kg of cladribine . 30 for the administration to be carried out by a doctor or nurse 
According to yet another aspect of the invention there is in a clinic , hospital or other specialised facility . 

provided a method of treating or ameliorating neuromyelitis Oral administration of cladribine may be in capsule , 
optica in a subject suffering from the disease comprising tablet , oral suspension or syrup form , with capsules or 
administering to the subject , or patient , a pharmaceutical tablets being preferred . Oral formulations of cladribine have 
composition comprising an effective amount of 2 - chloro - 2 ' - 35 been described in WO 2004 / 087100 . 
deoxyadenosine ( cladribine ) , or a pharmaceutically accept Pharmaceutical compositions of cladribine for use in the 
able salt thereof . present invention may further comprise one or more phar 

The composition is presented in unit dose form such as a maceutically acceptable excipients such as alum , stabilizers , 
tablet , capsule or liquid formulation for oral administration . antimicrobial agents , buffers , colouring agents , flavouring 

The pharmaceutical composition may be administered 40 agents , flavouring agents , adjuvants and the like . Where the 
daily as a single dose . composition is in the form of a tablet or capsule for oral 

The effective amount may be determined empirically as administration conventional excipients , such as binding 
the effective cumulative amount of cladribine administered agents , fillers , lubricants , glidants , disintegrants and wetting 
on between 5 and 20 dosing days , distributed over between agents may be included . 
1 and 16 weeks , preferably between 5 and 10 weeks , that 45 Binding agents include , but are not limited to , syrup , 
results in a reduction of CD3 + T cells of between 30 and acacia , gelatin , sorbitol , tragacanth , mucilage of starch and 
80 % , preferably between 40 and 60 % relative to pre - treat polyvinylpyrrolidone . Fillers include , but are not limited to , 
ment levels . lactose , sugar , microcrystalline cellulose , maize starch , cal 

cium phosphate , and sorbitol . Lubricants include , but are not 
DETAILED DESCRIPTION OF THE 50 limited to , magnesium stearate , stearic acid , talc , polyeth 

INVENTION ylene glycol , and silica . Disintegrants include , but are not 
limited to , potato starch and sodium starch glycollate . Wet 

Definitions ting agents include , but are not limited to , sodium lauryl 
sulphate . Glidants include , but are not limited to silicon 

" Amelioration ” of a disease refers to the ability of a 55 dioxide . 
pharmaceutical composition or treatment to make the patient Tablets or pills may be provided with an enteric layer in 
undertaking the treatment better or to improve the symptoms the form of an envelope that serves to resist disintegration in 
of the disease suffered by the patient or to make the disease the stomach and permits the active ingredients to pass intact 
more tolerable . into the duodenum or to be delayed in release . A variety of 
As used herein , " treating ” or “ treatment ” means reducing , 60 materials can be used for enteric layers or coatings , includ 

hindering the development of , controlling , alleviating and / or ing polymeric acids or mixtures of such acids with such 
reversing the symptoms in an individual to which cladribine materials as shellac , shellac and cetyl alcohol , cellulose 
has been administered , as compared to the symptoms of an ace 
individual not being treated . Compositions of this invention may also be liquid for 

“ Effective amount ” of a composition refers to a compo - 65 mulations including , but not limited to , aqueous or oily 
sition which contains cladribine in an amount sufficient to suspensions , solutions , emulsions , syrups , and elixers . The 
provide a therapeutic dose over the course of treatment . compositions may also be formulated as a dry product for 
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constitution with water or other suitable vehicle before use . - continued 
Such liquid preparations may contain additives including , 
but not limited to , suspending agents , emulsifying agents , Lactose 77 . 8 mg 

Croscarmellose sodium 10 mg nonaqueous vehicles and preservatives . Suspending agent Silicon dioxide 0 . 2 mg 
include , but are not limited to , sorbitol syrup , methyl cel - 5 Magnesium stearate 2 mg 
lulose , glucose / sugar syrup , gelatin , hydroxyethylcellulose , Hard gelatin size 1 capsule shell 
carboxymethyl cellulose , aluminium stearate gel , and hydro 
genated edible fats . Emulsifying agents include , but are not 
limited to , lecithin , sorbitan monooleate , and acacia . Non Example 2 
aqueous vehicles include , but are not limited to , edible oils , 
almond oil , fractionated coconut oil , oily esters , propylene Injectible Formulation 
glycol , and ethyl alcohol . Preservatives include , but are not 
limited to , methyl or propyl p - hydroxybenzoate and sorbic 
acid . Cladribine 1 mg / ml 

in sterile aqueous solution of 0 . 7 mg sodium chloride / ml Treatments may be given as a number of courses , each sodium chloride course comprising for example five consecutive days of 
administration of one or two tablets or capsules containing 
10 mg cladribine or drinking or infusing a similar amount of 
cladribine in a liquid formulation on each of five days . Example 3 
Patients suffering from NMO may , for example , receive two 
such courses of treatment separated by several days , for Case Report of Off - Label Treatment of NMO Patient with 
example from 21 to 30 days , at the beginning of the first Cladribine 
treatment . This may be followed by two additional courses , A woman of 32 years presented with acute visual symp 
also separated by from 21 to 30 days at the beginning of the stoms and optic neuritis with normal head MRI . Episodic 
second year of treatment , or only the first two courses may visual symptoms recurred with increasing severity up to 
be used in a patient ' s therapy . complete blindness in one eye and episodes of deterioration 

The total cumulative dose of cladribine over the one or in the other . Some response to methylprednisolone was 
two years of treatment may be from 1 to 6 mg / kg body noted . The diagnostic test for NMO - IgG ( ELISA ) was 
weight , preferably from 1 . 5 to 4 . 0 mg / kg , most preferably zo positive and brain MRI had no focal lesions . 
1 . 75 to 3 . 5 mg / kg per unit dose . Thus , for an 80 kg patient 20 mg of cladribine were administered subcutaneously to taking 3 . 5 mg / kg the total dose may be approximately 280 the patient on each of five dosing days , with one month or mg , consisting of 28 tablets containing 10 mg of cladribine more separating the dosing days . On a dosing day , two vials each , distributed over 10 or 20 dosing days where on some were used each containing 10 ml of a solution of cladribine days one tablet is taken whilst on others two tablets or three as shown in Example 2 . Eight subcutaneous sites were used , tablets are taken . When administered as a liquid formulation each receiving an injection of 2 . 5 ml . by injection the dose regimen may be halved . At the end of nine months blindness was complete bilat Alternatively , the baseline level of cluster of differentia erally but motor and sensory functions were normal . The tion ( CD ) 3 + T lymphocytes in a patient ' s blood sample is patient continued without further immunosuppressant treat measured before the patient is given one five day course of 40 ment for two years without noted deterioration . After 2 years treatment with a cumulative cladribine dose of 0 . 5 to 3 . 5 * the patient was admitted with motor , sensory and autonomic mg / kg . Following a period of non - treatment of from 3 to 6 symptoms . Based on new symptoms , abnormalities on spi weeks the lymphocyte cell numbers are re - measured . Fur nal cord MRI and the previous NMO - IgG test the diagnosis ther doses then may be administered in order to obtain a was confirmed as neuromyelitis optica . After 3 months there 50 % + 10 % reduction in the numbers of CD3 + T lympho 45 was partial improvement but remaining mild paraparesis . cytes . Treatment with mitoxantrone was initiated but progressive Cladribine has been found to have a unique combination deterioration ( impaired walking , neurogenic bladder , blind of mechanisms of action that translates into a unique profile ness ) led to the patient moving to another city for family of functional effects on autoimmunity and inflammatory support and she was lost to follow - up . mechanisms . Whilst it has mechanisms that lead to direct 
killing of lymphocytes with sparing of other immune and The progress of the woman diagnosed with NMO and 

treated with a total of 100 mg of cladribine is shown non - immune cell types , it also has an effect on lymphocytes schematically in FIG . 1 . that is independent of cytotoxic mechanisms and can affect Note that the 100 mg received in total by the NMO patient the function of dendritic cells . Cladribine has been found is equivalent to a cumulative oral dose of approximately 250 unexpectedly to induce cytokine and antibody production 55 mg when adjusted for oral availability . and a reduction in disease severity effects that long outlast Prior to cladribine treatment this patient experienced five its presence in the body and its effect on B lymphocyte cells . episodes of worsening over four years ( estimated annual The invention will be further described with reference to relapse rate of 1 . 46 ) . The intervening remission periods were the following examples : 
13 , 15 , 6 and 6 months . From initiation of an 8 - month course 

60 of cladribine treatment she experienced 34 months of stable Example 1 
condition without reported relapses , followed by subsequent 

Powder in Capsule Formulation deterioration and other treatments . No adverse events attrib 
uted to cladribine were reported . 

The individual affected appears representative of many 
Cladribine 10 mg 65 newly diagnosed NMO patients . In particular , female sex 
Microcrystalline cellulose 100 mg and age of the patient are both typical of NMO ( > 80 % 

female , and median age of onset in the fourth decade ) . 

35 
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Further the absence of family history is consistent with the Discussion 
paucity of known genetic predisposing influences . Her This demonstrates that T lymphocytes from NMO 
relapses were treated with steroids , as is typically the case . patients respond to cladribine exposure with changes in their 

Thus in this case , a single course of cladribine treatment survival properties and functions that are expected to lead to 
( 100 mg s . c . ) of NMO was associated with stabilization of 5 5 beneficial effects on their disease , and that the unique 
the disease course for over two years . It is believed from this disease condition of NMO has not induced changes in 

lymphocyte function that result in non - responsiveness , or data that cladribine may be more effective in terms of period inappropriate responsiveness , to cladribine exposure . 
of remission compared to steroid treatment . The invention claimed is : 

1 . A method of treating or ameliorating neuromyelitis Example 4 10 optica ( NMO ) in a patient diagnosed with NMO and known 
to have ( a ) optic neuritis , ( b ) myelitis and ( c ) at least two of 

In Vitro Treatment of Lymphocytes Derived from NMO ( i ) MRI evidence of continuous spinal cord lesion 3 or more 
Patients with Cladribine segments in length , ( ii ) onset brain MRI non - diagnostic for 
Using the methods described in Laugel B . et al . , J . multiple sclerosis or ( iii ) NMO - IgG seropositivity compris 

Neuroimmunol . ; ( 2011 ) ; 240 - 241 ; 52 - 57 peripheral blood peripheral blood 15 ing administering to the patient a pharmaceutical composi 
mononuclear cells ( PBMCs ) are first isolated from blood tion containing an effective amount of 2 - chloro - 2 ' - deoxy 
obtained from healthy donors and NMO patients , for adenosine , hereinafter referred to as cladribine , or a 
example by ficoll gradient centrifugation . T - lymphocytes are pharmaceutically acceptable salt thereof and one or more 
further purified from these PBMCs , by for example mag - 20 pharmaceutically acceptable excipients . 
netic bead separation using a pan - T cell reagents , or CD4 20 2 . The method according to claim 1 wherein the compo 
reagents . The purified lymphocytes are maintained in culture sition is presented in unit dose form . 

3 . The method according to claim 2 wherein the unit dose using standard methods and reagents , for example RPMI 
1640 growth medium . form is a tablet , a capsule or liquid formulation . 

To determine the cells ' viability response to cladribine , . 4 . The method according to claim 1 wherein the effective 
25 amount of cladribine is administered orally . identical numbers of lymphocytes purified from both healthy 

donor and NMO patients are cultured with one of a number 5 . The method according to claim 1 wherein the compo 
of cladribine concentrations , ranging from for example one sition is administered daily as a single dose . 
nanomolar to one hundred micromolar ( 1x10 - ' M to 1x10 6 . The method according to claim 1 , wherein the effective 
4M ) , or without any cladribine . After a period of several 30 amount is determined empirically as the cumulative amount 
days , for example four days , the fraction of live cells is 30 of cladribine administered on between 5 and 20 dosing days , 
determined , for example by annexin V staining or trypan said 5 to 20 dosing days distributed over between 1 and 16 
blue staining . This experiment is done either under stimu weeks , that results in a reduction in CD3 + T cells of between 
lated conditions ( that is , with the addition of anti - CD3 and 30 and 80 % , relative to pre - treatment levels . 
anti - CD28 antibodies in all cultures , as below ) or without 7 . A method of treating or ameliorating neuromyelitis 
these stimulating antibodies . Lymphocytes from NMO 35 optica ( NMO ) in a patient diagnosed with NMO and known 
patients die over several days in a manner and to an extent to have ( a ) optic neuritis , ( b ) myelitis and ( c ) at least two of 
similar to those purified from healthy donors , at similar ( i ) MRI evidence of continuous spinal cord lesion 3 or more 
concentrations of cladribine . segments in length , ( ii ) onset brain MRI non - diagnostic for 

To determine the effect of cladribine on stimulated 40 multiple sclerosis or ( iii ) NMQ - IG seropositivity comprising 
cytokine secretion by T lymphocytes from NMO patients , 40 administering to the patient a pharmaceutical composition 
identical numbers of purified lymphocytes purified from containing an effective amount of 2 - chloro - 2 ' - deoxyadenos 
both healthy donor and NMO patients are pre - incubated for ine , hereinafter referred to as cladribine , or a pharmaceuti 
less than one hour in medium containing one of a number of cally acceptable salt thereof and one or more pharmaceuti 
cladribine concentrations , ranging from for example one cally acceptable excipients , wherein the patient is treated 
nanomolar to one hundred micromolar ( 1x10 - M to 1x10 45 with an effective amount of cladribine which is an effective 
4M ) , or without added cladribine . Cells are then transferred , cumulative amount over one or two years of from 1 mg / kg 
with their cladribine - containing or control medium , to the to 6 mg / kg . 
wells of culture plates coated with anti - CD3 antibody , and 8 . The method according to claim 7 wherein the effective 

cumulative amount of cladribine over one or two years soluble anti - CD28 antibody is added . Secreted cytokines in so 
culture supernatants collected after , for example , 24 hours , 50 comprises from 1 . 5 mg / kg to 3 . 5 mg / kg . 
are determined by one of several standard methods including 9 . A method of ameliorating neuromyelitis optica ( NMO ) 
bead - based cytometric cytokine assay and enzyme - linked symptoms in a patient diagnosed with NMO comprising 
immunosorbent assay . Cytokines studied may include for administering to the patient a pharmaceutical composition 
example interferon - gamma , tumour necrosis factor , or inter consisting of an effective amount of 2 - chloro - 2 ' - deoxyade 
leukin - 2 . Secretion of cytokines by lymphocytes from NMO " 55 nosine , hereinafter referred to as cladribine , or a pharma 
patients is inhibited by cladribine in a manner and to a ceutically acceptable salt thereof and one or more pharma 
degree similar to the inhibition seen in lymphocytes from ceutically acceptable excipients . 
healthy donors . * * * * * 


